Background. Medications for use as an adjunct to lifestyle modification therapy (LSM) for severe adolescent obesity are limited. Topiramate results in weight reduction in adults with obesity, but has not been studied in adolescents. Objective. To examine the effect of topiramate plus LSM on body mass index (BMI) reduction in adolescents with severe obesity. Methods. Data for this retrospective chart review were collected from patients attending a pediatric weight management program who were treated with LSM plus topiramate for 3 months minimum. Mean BMI percent change from baseline was evaluated using t-tests. Results. Twenty-eight patients (mean age 15.2 ± 2.5 years, mean baseline BMI 46.2 ± 10.3 kg/m 2 ) were identified for inclusion. The 6-month percent change in BMI was −4.9, 95% confidence interval (−7.1, −2.8), P < .001. Conclusions. Topiramate with concurrent LSM was associated with clinically meaningful BMI reduction in adolescents with severe obesity. Randomized controlled clinical trials examining efficacy and safety of topiramate for severe obesity in adolescents are needed.
Introduction
Severe pediatric obesity, defined as an age-and gender-specific body mass index (BMI) ≥1.2 times the 95th percentile or BMI ≥35 kg/m 2 is the fastest growing obesity category in children and adolescents, with a reported prevalence of 4% to 6%. [1] [2] [3] [4] [5] While obesity in childhood is associated with increased risk of cardiovascular disease (CVD), 6,7 type 2 diabetes mellitus (T2DM), 8, 9 and premature death, 10, 11 children with severe obesity are at even greater risk than those with moderate obesity. 12 Approximately 84% of youth with severe obesity already have at least 1 CVD risk factor 1 and up to 25% of those seeking clinical weight management treatments have impaired glucose tolerance, 13 a harbinger of T2DM. Furthermore, severe obesity in early adolescence strongly predicts obesity in adulthood. One study found that severe obesity at age 12 predicted adult obesity 100% of the time, with the majority of youth developing class II obesity in adulthood. 1 Not only are the rates of morbidity particularly high in youth with severe obesity, lifestyle modification therapy, the cornerstone of obesity treatment, is relatively ineffective in terms of sustained BMI reduction in this population. [14] [15] [16] [17] [18] As such, bariatric surgery in adolescents has seen an increase. 19 Although bariatric surgery is very effective, it is invasive and carries potentially serious risks; 20 it is not widely available; and it is often reserved for only a limited subset of adolescents with obesity who also have the most serious comorbidities. In contrast, pharmacotherapy may serve as an acceptable, potentially more available, and less risky treatment strategy for severe obesity in youth, thus filling the treatment gap between lifestyle modification and bariatric surgery.
Currently, the only Food and Drug Administration (FDA)-approved medication for the treatment of obesity in adolescents is orlistat, which has only modest weight loss properties and is coupled by adverse side effects. 21 Thus, a significant need exists to identify and evaluate other drug therapies aimed at reducing adiposity and improving CVD and T2DM risk factors in adolescents with severe obesity. One such drug therapy may be topiramate. Because of weight loss observed in individuals treated with topiramate for epilepsy, this medication has been studied as an adjunct therapy to lifestyle modification for the treatment of obesity in adults. However, to our knowledge, it has never been studied as a weight reduction medication in children or adolescents. The objective of this study is to report the BMI outcomes of adolescent patients with severe obesity who were prescribed topiramate plus lifestyle modification therapy in the context of a pediatric medical weight management program.
Methods

Study Design and Clinic Description
This was a retrospective chart review of patients treated at Healthy You! University of Minnesota, Children's Hospital Weight Management Clinic between June 1, 2010 and April 17, 2013. Healthy You! is a multidisciplinary, tertiary care, universitybased pediatric weight management clinic which provides care for children and adolescents up to 18 years of age with obesity. The Healthy You! team includes a pediatric bariatrician who is board certified in obesity medicine, a pediatric endocrinologist, a pediatric nurse practitioner, nurse coordinators, dieticians, a psychologist, and physical therapists. All patients engage in lifestyle modification therapy, including nutrition and exercise counseling supported by behavioral modification strategies.
Patient Population
The patients included in this study were those who, in addition to lifestyle modification therapy, were prescribed topiramate for weight loss for a minimum of 3 months. Exclusion criteria included no documented BMI at the time topiramate was initiated or current use of topiramate for indications other than weight loss.
Medical Record Abstraction
Patient height, weight, BMI, blood pressure, heart rate, and topiramate dose at baseline and all follow-up clinic visits during which the patients were taking topiramate were abstracted from the electronic medical records. The duration and dose of topiramate treatment, documented side effects, other medications taken concurrently with topiramate, and special dietary interventions such as meal replacement plans were also abstracted from the medical records. Passive consents for use of medical records for research were obtained from the study participants' parents/guardians. This study was approved by the University of Minnesota Institutional Review Board.
Statistical Analysis
Baseline characteristics were summarized with mean and standard deviation for continuous variables and with frequency and percentage for categorical variables. The primary analysis included all patients meeting eligibility criteria who were prescribed topiramate (designated "overall" group), regardless of concomitant usage of other medications (including potentially weight altering medications such as insulin, metformin, serotonin selective reuptake inhibitors, and stimulants) or special dietary interventions, such as meal replacement diets. A secondary analysis included those patients who were only taking topiramate (designated "topiramate only" group), and no other potentially weight altering medications, and did not receive specialized dietary interventions such as meal replacement diets. Changes in BMI over follow-up were characterized as percent change from baseline. Confidence intervals and P values for the mean were based on a t-distribution and confidence intervals for proportions meeting target thresholds were based on the score test.
Results
Twenty-eight patients (71.4% girls, mean age 15.2 ± 2.5 years) were identified for inclusion in this study, 11 of which were in the topiramate only group, that is, not taking other medications or specialized diets. The baseline mean BMI for the overall group was 46.2 ± 10.3 kg/m 2 . Most of the patients (82.1%) were prescribed topiramate 75 mg daily (Table 1) . Among the other medications used by patients in the overall group were serotonin selective reuptake inhibitors (in 8 patients), stimulants (5), metformin (3), atypical antipsychotic medications (3), other antidepressants (2), and insulin (2) . Four in the overall group were prescribed a meal replacement plan. The mean percent change in BMI from baseline to 3 months and baseline to 6 months was statistically significant for both the overall group and the topiramate only group, with greater BMI reductions noted in the topiramate only group (Table 2, Figure 1 ). At 6 months, 50% of the overall group had at least 5% reduction in BMI and 13.6% had 10% reduction or more. Among the topiramate only group, 66.7% and 11.1% had at least 5% and 10% reductions in BMI, respectively, at 6 months ( Table 3) . Two of the 28 total patients experienced paresthesias, one while taking topiramate 75 mg daily, the other while taking 100 mg daily. No other side effects were documented, including cognitive dulling.
Discussion
This study is the first, to our knowledge, to report on the effect of topiramate for weight reduction in adolescents with obesity. The results demonstrate that topiramate with concurrent lifestyle modification is associated with clinically-significant BMI reduction, on the order of 4-6% over 6 months, and with acceptable tolerability. This level of BMI reduction has been shown to elicit meaningful improvements in risk factors and comorbidities among adolescents with severe obesity. 22 Those patients who were taking other medications concurrently with topiramate, some of which were obesogenic, also reduced their BMI, albeit to a lesser extent.
Presently, orlistat is the only medication that is FDA approved for the indication of weight loss in children ≥12 years of age. Orlistat inhibits gastrointestinal lipase, thus decreasing dietary fat absorption by approximately 30%. The largest of 7 studies examining the safety and efficacy of orlistat for weight reduction in children and adolescents found a placebo subtracted BMI reduction of 0.86 kg/m 2 (approximately 3%) at 52 weeks in a randomized double blind clinical trial. The most common adverse events were oily stool (50%), oily spotting (29%), and oily evacuation (23%), abdominal pain (22%), and fecal urgency (21%). 21 Other medications that have been systematically examined for their weight reduction properties in children and adolescents include: sibutramine, metformin, and exenatide. Sibutramine, a norepinephrine and serotonin reuptake inhibitor, was FDA approved for weight loss in youth ≥16 years of age. However, it was voluntarily removed from the market in 2010 because of a reported greater incidence of cardiovascular events among certain adults who were taking this medication. Metformin is a biguanide whose primary mechanisms of action are reducing hepatic glucose production, increasing insulin sensitivity in peripheral tissues, and decreasing intestinal glucose absorption. Via unclear mechanisms it has also been associated with weight reduction. The largest double blind placebo controlled study assessing the effect of metformin on weight in obese adolescents without diabetes demonstrated a placebo subtracted BMI reduction of 1.1 kg/m 2 (approximately 3%) after 48 weeks of metformin XR 2000 mg daily. 23 Finally, exenatide, a glucagon-like peptide receptor agonist primarily used to treat adult T2DM has also been associated with weight loss. Mechanisms of action include slowing gastric motility and suppressing appetite via receptors in the hypothalamus. Our group conducted a small randomized controlled study of exenatide for weight reduction in youth with severe obesity and demonstrated a placebo subtracted percent BMI reduction of 2.7% at 3 months. 24 Topiramate has been examined in several large, randomized, placebo controlled clinical trials for weight loss in adults. The weight loss from baseline in these trials ranged from 4.8% to 9.7% (over 24-60 weeks) and the most common adverse events were neurological in nature, including paresthesias, fatigue, dizziness, and memory difficulty. [25] [26] [27] [28] [29] Most of these adverse events were dose dependent and were most commonly observed at doses >96 mg daily. Our observations of a 3.9% to 6.6% reduction in BMI at 6-months with minimal adverse effects are in line with these clinical trials in adults. Furthermore, the mean BMI percent reductions at 3 and 6 months noted in this retrospective chart review exceed what has been reported for almost a year's duration of treatment with orlistat and metformin in children and adolescents.
The mechanisms by which topiramate induces weight loss are unclear, as this agent has multiple biochemical actions. Mouse studies have demonstrated that topiramate interferes with the efficiency of energy utilization. 30, 31 However, in a human study of obese men, topiramate was found to decrease energy intake but not affect energy expenditure. 29 This decrease in energy intake may be related to topiramate's inhibitory action on glutamate neurotransmission, as glutamate stimulation of the lateral hypothalamus increases food intake. 32 Topiramate has also been associated with decreased levels of neuropeptide Y in children treated for epilepsy with this drug, 33 and neuropeptide Y is a potent appetite stimulating neurohormone.
The retrospective and uncontrolled nature of this study's design poses notable limitations to the results. Because there was no "blinding" of the patients or health care practitioners to the fact that topiramate was being utilized for the purpose of weight reduction, there is a potential for bias in the outcomes observed. Furthermore, the doses of topiramate varied, as did the patients' baseline BMIs, and it is recognized that these factors could impact the degree of weight loss. 34 Nonetheless, this study describes the "real-world" application of a potential pharmacological treatment for severe obesity among adolescents who presented to a tertiary care weight management clinic, most of whom had never before experienced any weight loss with lifestyle modification therapy alone. Of course health care practitioners must weigh the risks and benefits of topiramate, or any other pharmacological agent, for the use of obesity management in children and adolescents. Topiramate has been FDA approved for decades for the indication of seizures in children as young as 2 years, and clearly there are risks associated with this medication, including neurocognitive dulling, short-term memory and attention impairment, and the potential for teratogenicity. However, the risks of severe obesity in children and adolescents, including the potential for CVD, type 2 diabetes, nonalcoholic fatty liver disease, musculoskeletal dysfunction, social isolation, lower earning potential, and premature death could arguably outweigh the risks of topiramate. Further it is critical to recognize the chronic nature of severe obesity, which suggests that any medication(s) used will need to be employed long term.
In conclusion, the current study has shown that topiramate plus lifestyle modification therapy may prove to be an effective and safe treatment for severe obesity in adolescents. Long-term randomized clinical trials are needed to more fully investigate the efficacy and safety of topiramate for this indication.
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